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WI ABSTRACT 
A high temperature thrust chamber for spacecraft (20) is 
provided herein. The high temperature thrust chamber com- 
prises a hollow body member (12) having an outer surface 
and an internal surface (16) defining the high temperature 
chamber (10). The body member (12) is made substantially 
of rhenium. An alioy (18) consisting of iridium and at least 
alloying metal selected of the group consisting of rhodium, 
platinum and palladium is deposited on at least a portion of 
the internal surface (16) of the body member (12). The 
iridium and the alloying metal are electrodeposited onto the 
body member (12). A HIP cycle is performed upon the body 
member (12) to cause the coating of iridium and the alloying 
metal to form the alloy (18) which protects the body member 
(12) from oxidation. 
18 Claims, 1 Draw@ Sheet 
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HIGH TEMPERATURE THRUST CHAMBER 
FOR SPACECRAFT 
This invention herein described has been made in the 
course of OT under U.S. Government Contract No. NAS3- 
26246 or a subcontract thereunder with NASA. 
BACKGROUND 
This present invention is directed to a high temperature 
thrust chamber and process for making a high temperature 
thrust chamber for spacecraft. 
Spacecraft are required to carry increasingly large pay- 
loads into perigee, apogee or geosynchronous orbits around 
the earth. Present propulsion systems for the spacecraft 
typically utilize rocket engines having thrust chambers 
which are made of columbium coated with disilicide. These 
thrust chambers have a maximum Operational temperature of 
about two thousand five hundred degree Fahrenheit (2500' 
E). This limited maximum operational temperature limits 
the specific impulse of present rocket engines to about 320 
pounds force-second per pound mass propellant. 
The specific impulse of a rocket engine can be increased 
by increasing the operational temperature in the thrust 
chamber. Increasing the specific impulse increases efficiency 
of the propulsion system and allows the spacecraft to carry 
larger payloads or carry less fuel, thereby reducing opera- 
tional costs. Thus, a high temperature thrust chamber is 
needed to achieve the increased performance requirements 
for future spacecraft. 
One proposed high temperature thrust chamber is con- 
structed by depositing iridium and then rhenium onto a 
mandrel using chemical vapor deposition (CVD). However, 
this proposed high temperature chamber is not entirely 
satisfactory since it is subject to structural failure caused by 
cyclic plastic strain of tension and compression resulting 
from extreme temperature cycles occurring during the 
mission, the vibration during launch and the pressure from 
the rocket engines. Further, t h i s  proposed high temperature 
chamber is relatively expensive to manufacture since the 
manufachning process is labor intensive and difficult to 
reproduce. 
Thus, there is a need for a high temperature thrust 
chamber which is operational at higher temperatures to 
increase the efficiency of the propulsion system, is resilient 
to structural failure aod is relatively inexpensive to manu- 
facture. 
SUMMARY 
The present invention is directed to a high temperature 
chamber and method for making a high temperature cham- 
ber that satisfies t h i s  need, the high temperature chamber 
being capable of withstanding high temperatures and is 
resilient to structural failure. Thus, the high temperature 
chamber when used with a rocket engine allows for a higher 
specific impulse, thereby increasing the efficiency of the 
spacecraft. 
A high temperature chamber having features of the 
gresent invention includes a body member having an outer 
surface and an internal surface defining the high temperature 
chamber. The body membex is made substantially of rhe- 
nium. An alloy comprising iridium and at least one alloying 
metal is deposited on at least a portion of the internal surface 
and iridium on the external surface. The alloying metal is 
selected from the group consisting of rhodium, platinum and 
palladium Preferably, the alloying metal is rhodium since 
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rhodium withstands high temperatures and is resistant to 
oxidation. As described in detail below, the high temperature 
chamber is operational at temperatures in excess of about 
four thousand degrees Fahrenheit (4000" E). 
The body member can include an inlet end, an opposed 
outlet end, a convergent nozzle, a throat, and a divergent 
nozzle. A chamber section of the body member extends 
between the inlet end and the convergent nozzle. Preferably, 
the entire chamber section is substantially covered with the 
alloy to protect the rhenium body member from corrosion 
and oxidation, since the chamber section is particularly 
subjected to corrosion from the rocket fuel. 
Preferably, for ease and consistency in manufacturing, the 
coating of iridium is electrodeposited onto the internal and 
external surfaces to protect the entire internal surface from 
oxidation and, subsequently, the coating of the alloying 
metal is electrodeposited on the iridium coating in the 
chamber section. 
Optimumly. after the internal surface is coated as detailed 
above, the thrust chambex is subjected to a Hot Isostatic 
Pressing (HJP) cycle, Le., high temperature and pressure, to 
prevent blistering or bubbling of the coating during prelirni- 
nary combustion. 
Further, at least a poaion of the outer surface, and more 
preferably the entire outer surface can be coated with 
hafnium oxide to increase the emittance of the thrust cham- 
ber so that the thrust chamber transfers heat efficiently to the 
atmosphere. 
The invention also includes a method for making a high 
temperature chamber which includes the steps of manufac- 
turing a hollow body member from rhenium and depositing 
on at least a portion of the internal surface of the body 
member an alloy comprising of iridium and at least one 
alloying metal: 
Furthermore, the invention includes a high temperature 
surface having a body member which is made substantially 
of rhenium and an alloy comprising of iridium and at least 
one alloying metal deposited on at least aportion of the body 
member. 
The present invention provides a high temperature cham- 
ber and method for making a high temperature chamber 
which is operational at high temperatures to meet the 
increased performance requirements of future spacecraft and 
is resilient to structural failure. Further, since the alloy is 
electrodeposited onto the internal surface, the high tempera- 
ture chamber is relatively inexpensive to manufacture. 
DRAWINGS 
These and other features, aspects and advantages of the 
present invention will become better understood with refer- 
ence to the following description, appended claims and 
accompanying drawings where: 
FIG. 1 is a diagram view of a spaceship with a high 
temperature chambex having features of the present inven- 
tion; 
FIG. 2 is a side section view of a high temperature 
chamber having features of the present invention; 
FIG. 3 is a top plan view of the high temperature chamber 
of FIG. 2; and 
FIG. 4 is a cutaway view taken from line 4 in FIG. 2. 
DEScRIpTlON 
A high temperature chamber 10 according to the present 
invention comprises (i) a hollow body member 12 having an 
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outer surface 14 and an internal surface 16 and (ii) an alloy 
18 comprising of iridium and at least one alloying metal 
selected from the group consisting of rhodium, platinum and 
palladium deposited on at least a portion of the internal 
surface 16 of the body membex 12. 
The high temperature chamber 10 is useful for any 
application which requires a high temperature surface or 
chamber such as a thrust chamber for spacecraft. i.e.. a 
rocket, a satellite, or a space shuttle, a reaction chamber for 
chemical reactors, or a reaction chamber for nuclear reac- 
tors. 
In the embodiment shown in the Figures, the high tem- 
perature chamber 10 is a thrust chamber for a spacecraft 20 
and the body member 12 is hollow, cylindrical and includes 
an inlet end 22 and an outlet end 24. The cylindrical body 
member 12 converges to form a convergent nozzle 25 and 
diverges to fcam a divergent nozzle 27 between the inlet end 
22 and the outlet end 24. A throat 26 of the body member 12 
is positioned W e e n  the convergent nozzle 25 and the 
divergent nozzle 27. A chamber section 29 of the body 
membcr 12 extends from the inlet end 22 to proximate the 
convergent nozzle 25. II)lpically, the chamber section 29 is 
subjected to high levels of corrosion from the rocket fuel. 
With reference to FIG. 2, the thickness of the thrust 
chamber varies between about 60 m i l s  to about 200 m i l s .  
The convergent nozzle 25. the throat 26, the divergent 
nozzle 27 and the outlet end 24 are typically thicker than the 
rest of the body member 12 since they are subjected to 
higher levels of vibration and higher temperatures. 
The body member 12 may also include a cylindrical 
attachment flange 28 having a plurality of attachment aper- 
tures 38 extending therethrough for the attachment of the 
body memba 12 to a propulsion system 32 of the spacecmft 
20. The attachment flange 28 is welded to the inlet end 22 
OT. altcratively, is fabricated as an integral part of the body 
membcr 12. 
The body member 12 is made substantially of rhenium 
since rhenium has excellent strength characteristics at high 
temperatures and is resilient to structural failure. Preferably, 
the henium is 99.995% pure, 97% minimum theoretical 
density of rhenium, and has a maximum grain size of 0.006 
inches to ensure the integrity of the body member 12. 
The body member 12 is fabricated utilizing a powder 
metallurgy proccss. The powder metallurgy process includes 
filling a mold with rhenium powder and then applying 
pressure to the mold. Subsequently, the body member 12 is 
subjected to a sinter process. 
Next. the body me& 12 is subjected to a HIP cycle to 
consolidate any air or void spots in the body member 12. 
A suitable body member 12 made from rhenium can be 
fataicated by Rhenium Alloys, located Elyria, Ohio. 
Pow& metallurgy processing of rhenium is described in 
the article entitled Powdcr Pmcessing in the Fabrication of 
Rhenium, by Boris D. Bryskin and Frank C. Danek. Journal 
of Materials, Jul. 19,1991, pages 24-26 which is inc- 
rated herein by reference. 
The internal surf= 16 is coated with an alloy 18 com- 
prising of iridium and at least one alloying metal selected 
from the group consisting of rhodium, platinum and palla- 
dium. The alloy 18 protects the rhenium body member 12 
from coITosion from rocket fuel and oxidation. Preferably, 
the entire internal surface 16 is coated with iridium to protect 
the internal surface 16 kom oxication. Since the alloying 
metal is only suitable for temperatures in the maximum 
range of 3300'-3500" F., preferably only the chamber 
4 
section 29, which is particularly subjected to corrosion from 
the rocket fuel, is coated with the alloy 18. 
Initially, the coating of iridium is electrodeposited onto 
the internal surface 16 of the body member 12 to protect the 
5 entire internal surface from oxidation. The thickness of the 
iridium coating varies between 2 to 10 m i l s  and preferably 
is between 4 to 5 m i l s  thick A thicker coating of iridium 
allows the alloy 18 to spall or chip relatively easily while a 
thinner coating of iridium provides inadequate protection 
10 against oxidation for extended periods of time. A suitable 
vendor for performing the electrodeposition process is Elec- 
troform Nickel, Inc., located in Huntsville. Ala. 
Electrodeposition processing is described in the article 
Electrochemical Processing of Factory Metals. by Donald 
l5 R. Sadoway, Journal of Materials, Jul. 19, 1991, pages 
15-19 which is incorporated herein by reference. 
Subsequently, the coating of the alloyimg metal selected 
from the group consisting of rhodium, platinum and palla- 
dium is deposited on the iridium coating utilizing elec- 
trodeposition process in only the chamber section 29. The 
thickness of this coating of the alloying metal varies 
between 1 to 5 m i l s  and preferably is between 2 to 3 mils. 
A thick coating is subject to spalling while a thinner coating 
provides inadequate protection from oxidation. A suitable 
25 vendor for performing the electrodeposition process is Elec- 
troform Nickel, Inc., located in Huntsville, Ala. 
Preferably, a coating of iridium 34 is also electrodeposited 
onto the outer surface 14 of the body member 12 to praect 
3o the outer surface 14 from oxidation during fire testing of the 
thrust chamber at an altitude facility (not shown). vpically, 
the iridium is electrodeposited on the outer surface 14 and 
the internal surface 16 at the same time for ease of manu- 
facturing. The thickness of the iridium coating on the 
35 external surface varies between 2 to 10 m i l s  and preferably 
is between 4 to 5 mils. Similarly, a thinner coating is subject 
to spalling while a thinner coating does not provide adequate 
protection f?om oxidation. A suitable vendor for peaforming 
the electrodeposition process is Electroform Nickel, Inc., 
Next, the chamber is subjected to a HIP cycle which 
causes the iridium coating and the metal selected from the 
group consisting of rhodium, platinum and palladium, to 
form the alloy which protects the body member 12 from 
45 oxidation during p r e l i m i q  combustion. The HIP cycle 
consists of subjecting the chamber to a temperature of 
between 2500 and 3500 degrees Fahrenheit and apressure of 
between about 25,000 and 40,000 PSI for about 2-8 hours. 
Subsequently, a coating of hafnium oxide 36 can be 
50 applied to the outer surface 14 of the body to increase the 
emittance of the high temperature chamber 10. The thick- 
ness of the coating of hafnium oxide varies between 3 to 15 
m i l s  and more preferably is between 5 to 10 mils .  A thicker 
coating is subject to spalling while a thinner coating may not 
55 provide the desired increase in emittance. The increased 
emittance enables the high temperature chamber 10 to 
efficiently transfer heat to the atmosphere and thus allows 
the high temperature chamber 10 to operate at cooler tem- 
peratures. The coating of hafnium oxide can be applied by 
60 plasma spraying or another suitable method The coating of 
hafnium oxide can be plasma sprayed by Hitemco located in 
Old Bethpage, N.Y. 
The high temperature chamber 10 and method for making 
the high temperature chamber 10 provided herein has many 
65 advantages over the prior art chambers, including an opera- 
tional tempxature of at least about four thousand degrees 
Fahrenheit (4000' E). resilience to structural failure and 
4o located in Huntsville, Ala. 
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being less expensive than prior art high temperature cham- 
bers 10 to manufacture. 
Although the present invention has been described in 
con&ierable detail with reference to certain preferred 
versions, other versions are possible. For example. the 5 
rhenium body member 12 can be manufactured by chemical 
vapor deposition as described in the article The Properties 
and Applications of Rhenium P d c e d  by CVD by Andrew 
J. S h m n ,  Robert H. TuffiaS and Richard B. G P b b  
Journal of Materials, Jul. 19, 1991, pages 20-23 which is 10 
incorporated herein by reference. Therefore, the spirit and 
scope of the pending claims should not be limited to the 
description of the preferred version contained herein. 
11. The high temperature chamber of claim 1 embodied in 
12. A method for making a high temperature Chamber 
(a) molding a hollow body mmber having an outer 
surface and an internal surface defining the high tem- 
perature chamber, the body member being made sub- 
stantially of powdered rhenium; 
(b) depositing on at least a portion of the internal surface 
of the body member an alloy c O e s e d  of iridium and 
at least one alloying metal selected from the group 
consisting of rhodium, platinum and palladium; 
(c) subjecting the chamber to a hot isostatic pressure cycle 
for a period of about two to eight hours; and 
(d) applying a coating of hafnium oxide to the outer 
surface of the body, thereby increasing the resilience of 
the chamber to structural failure. 
*e body me- being molded substantially of pow- m facturing the body member includes manufacturing the body 
member by powder metallurgy processing. dered rhenium; 
(b) on at least aportion of the internal surface of the body 14. The method of claim 12 comprising the step of 
member an alloy Comprised Of iridium and at least one depositing iridium on at least a portion of the outer surface. 
alloying metal selected from the group consisting of 15. A high temperature chamber for use in a spacecraft 
rhodim platinum and palladium; and 25 rocket engine resistant to shuuctural failure which comprises; 
(C) a on Said Outer Surface C o w s i n g  hafnium (a) a hollow body member having an outer surface and an 
Oxide. internal surface defining the high temperature chamber, 
2. The high temperature chamber of claim 1 wherein the the body member being made substantially of rhenium; 
(b) a coating of iridium electrodeposited onto a portion of 
(c) a coating of at least one alloying metaI selected from 
the group consisting of rhodium, platinum and palla- 
dium electrodeposited on the internal surface coating of 
iridium; and 
(d) a coating of hafnium oxide applied to the outer surface 
of the chamber; 
whereby said chamber is rendered resistant to structural 
failure. 
16. The hi& t e ~ m  chamber of claim 15 wherein 
the coating of iridium and the C&g of the alloying metal 
are subjected to a hot isostatic pressing cycle. 
17. The high temperature chamber of claim 15 wherein 
the body member is made substantially by powder metal- 
1%. The high temperature chamber of claim 15 wherein 
a spacecraft rocket engine. 
resistant to Structural failme Comprising the Steps of: 
What is claimed is: 
1. A high temperature chamber resistant to structural 15 
(a) a hollow body member having an outer surface and an 
failure, comprising: 
internal surface defining the high temperature c w 9  13. The method of claim 12 wherein the step of manu- 
alloying metal is rhodium. 
body member is made substantially by powder metallurgy 
processing. 
4. The high temperature chamber of claim 1 wherein at 
least a portion of the outer surface is coated with iridium. 
5. The high temperature chamber of claim 1 wherein the 35 
alloy is electrodeposited onto the internal surface. 
6. The high temperature chamber of claim 1 wherein the 
iridium is electrodeposited onto the internal surface. 
7. The high temperature chamber of claim 1 wherein the 
alloying metal is electrodeposited onto the internal surface. 4o 
8. The high temperature chamber of claim 1 wherein (i) 
the body member includes an inlet end, an outlet end and a 
chamber section between the inlet end and the outlet end. 
and (ii) the chamber section is substantially coated with the 
alloy. 45 lurgy processing. 
9. The high temperature chamber of claim 1 wherein the 
alloy is subject to a hot isostatic pressing cycle. 
10. A propulsion system utilizing the high temperature 
chamber of claim 1. * * * * *  
3. The high temperature chamber Of the 30 the in- surfxe and a portion of the outer surface; 
the alloy is subjected to a hot isostatic pressing cycle. 
